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3.0  RESULTS AND DISCUSSION

3 .1  Geo log i c  Cond i t i ons

Four  format ions outcrop wi th in  the s tudy area (F igure 2) .
Stratigraphic descript ions provided herein were obtained frorn
Doe l l i ng  (1 -972 )  ,  Dan ie l son  e t  a I .  ( l - 981 - )  ,  and  L ines  (1985)  .

The Blackhawk Format ion is  the pr inc ipa l  coal -bear ing uni t  in
the region.  This  format ion consis ts  of  in terbedded layers of
sands tone ,  s i l t s tone ,  sha le ,  and  coa l .  A l t hough  sands tone
compr ises approx imate ly  hal f  o f  the format ion,  i t  is  lent icu lar ,
wi th  ind iv idual  beds being t raceable for  on ly  shor t  d is tances
(L ines ,  1985) .  The  B lackhawk  i s  abou t  LooO fee t  t h i ck  i n  t he  coa l
rease area,  wi th  the pr inc ipar  coal  seam ( the Hiawatha seam)
occurr ing near  the bot torn of  the format ion.

The Castlegate Sandstone overl ies the Blackhawk Formation and
cons i s t s  o f  c l i f f - f o rm ing  sands tones  o f  f l uv ia l  o r i g in .  The
sandstones are massive and medium to coarse gra ined.  In  the area
of  the coal  Iease,  the Cast legate Sandstone is  approx imate ly  2OO
feet  th ick.

Overlying the Castlegate Sandstone, the Price River Formation
consis ts  predominant ly  of  f r iab le l imestones and l i rny sandstone
interbedded with pebbJ-y congilomerates and shales. f  t  forms steep
receding s lopes and is  about  7OO feet  th ick in  the coal  lease area.

The uppermost formation what outcrops within the study area
is  the Nor th Horn Format ion.  This  format ion main ly  consis ts  of
l imy shal -e,  wi th  in terbeds of  l imestone and sandstone.  The Nor th
Horn Format ion is  approx i -mate ly  1000 feet  th ick in  the coal  lease
area an serves as a recharge unit to underlying forrnations as weII
as supply ing water  to  spr ings wi th in  the format ion.

Under ly ing the Blackhawk Format ion and outcropping east  o f
the s tudy area is  the Star  Point  Sandstone.  This  format ion is  o f
s ign i f icance s ince i t  ( together  wi th  the saturated por t ions of  the
Blackhawk Format ion)  compr ises a regional  aqui fer .  The Star  po int
is  a  massive sandstone wi th  rn inor  in terbeds of  shale and s i l ts tone
near  i ts  base.  rn  the v ic in i ty  o f  the s tudy area,  the s tar  po int
Sands tone  i s  350  to  450  fee t  t h i ck

The Joers Val ley Fau1t  a long the west  edge of  East  Mounta in
is the eastern fault boundary of a graben that extends several
m i l es  bo th  no r th  and  sou th  o f  t he  s tudy  a rea  (L ines ,  1985) .  Dav i s
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I  and Doel l ing (1977)  est imate that  the to ta l  throw a long the fau l tr  i n  t h i s  a rea  i s  abou t  23OO fee t .

3 .2  Seepage  Occur rence

Locat ions of  the seeps and spr ings found in  the coal  lease
and adjacent  areas are shown on Figure 3.  F ie ld  data co l lected
dur ing the inventor ies are conta ined in  Tables l -  ( f1ow condi t ions
and  tempera tu re ) ,  Tab les  2  (pH) ,  Tab le  3  ( spec i f i c  conduc tance )  and
Tab le  4  (geo log i c  un i t  and  use )

Spr ings and seeps wi th in  the coal  lease and adjacent  areas
tend to  be grouped wi th in  a g iven locale whi le  other  areas wi th
re lat ive ly  s imi lar  sur face condi t ions are not iceably  devoid of
spr ings and seeps.  This  occurs pr inar i ly  in  response to changes
in the s t ructure of  the geologic  uni ts  wi th in  each format ion or
topographic  area.

The d ip of  the bedrock in  the v ic in i ty  o f  the coal  lease area
is  approx imate ly  one percent  to  the southeast .  Therefore,  a
s ign i f icant ly  h igher  number of  spr ings are present  in  Crandal l ,
B l ind and Horse Canyons than are present  on the west  s ide of  East
Moun ta in .

Numerous landsl ides are v is ib le  on the west  s ide of  East
Mounta in.  These s l ides probably  occurred dur ing the excessive ly
wet  years of  1982 through 1985.  r t  is  probable that  seeps and
spr ings a ided in  creat ing the unstable condi t ions which lead.  to
the landsl ides.  S ince seepage is  not  now typ ica l ly  ev ident  a t  the
landsl ides,  these seeps and spr ings were probably  dest royed dur ing
the movement  of  the h i1 ls1ope.

Accord ing to  L ines (1985) ,  the Blackhawk Format ion and the
under ly ing s tar  Point  sandstone are categor j -zed jo in t ly  as an
aqui fer  in  the wasatch Plateau where they are saturated.  The
degree of  saturat ion genera l ly  increases as the amount  of
overburden increases.  Near  deeply  inc ised canyons,  the aquLfer  is
natura l ly  dra ined.  The Blackhawk-Star  Poj -nt  aqui fer  y ie lds water
to  m ines  i n  t he  a rea .

fn  areas such as East  Mounta in where s t rata that  over l ie  the
Bl-ackhawk-Star Point aquifer are several hundred feet above the
bot torns of  rocar  canyons,  aqui fers  in  the overry ing s t rata are
perched.  This  perching occurs where more-perrneable s t rata over l ie
Iess-permeable s t rata (such as sandstones or  f ractured l imestones
over ly ing shale) .  Perched aqui fers  are common in  the Nor th Horn
and  Pr i ce  R ive r  Fo rma t ions  (L ines ,  l - 985 )  where  they  y ie ld  wa te r  t o
sp r ings .
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T a b l e  1 . Resul ts  of  f low condi t ions and
of  June 1985 through October
l ease  and  ad jacen t  a reas .

temperature measuremenLs for the period.
1989 seep and spr ing survey in  the coal

_t l_ero

Number

June 85

Flow t:*p
( g p m )  ( - c )

O c t .  8 5

! row 'I'emp
n -

/ a n m \  / - . \
\ Y y r r r /  \  v /

July 87
Flow Temp
(gpm) t "c l

O c t .  A 7  O c t .  8 9

FIow Temp FIow Temp
(spm) t"c l  (spm) t"c l

I
I
t
I
I
I
I
I
I
I
t
I
I
I
t
I
I
I
I

sP-7  10

sP-8  20

q D - q  Q a a nJ  V V V E

s P - 1 0  4 0

SP-1  1  Seep

s P - 1 2  1 5

s P - 1 3  3

s P - 1 4  2 5

SP-43 Seep

SP-44 Seep

SP-45 Seep

SP-46 Seep

SP-47 Seep

SP-48 Seep

SP-49 Seep

c D - q n  q 6 a n

S P - 5 1  S e e p

sP-52 1

sP-53 I

sP-54 15

sP-55 10

s P - 5 6  1 5

1 0  . 0

J . f ,

\ 4 , /

1 0  . 0

( a )

2 n

7 . 0

( a )

( a )

( a )

( a )

( a )

( a )

( a )

( a )

( a )

1 2 . 0

5 . 5

5 . 5

( c

( a )

b . u

5 . U

5 . 5

6 . 5

Dry

f'\ r lt

U L . I

q 6 a n
u v v r

n r \ t

Seep

T'\ r \t

1

e L  f

Dry

f l r i tv " f

U L  I

n r \ t

U L  I

f't r \t
e "  f

n r \ t

n f  r t

I

5

5

1 0

1 5

Dry

Dry

Dry

Dry

Dry

Dry

S e e p  ( a )

1 . 0  6 . 0

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

< <  1  6 . 7

Dry

< <  1  2 . 2

S e e p  ( a )

S e e p  ( a )



T a b l e  1 . ( continued )

F i E I d

Number

June 85
Flow Temp
( spm) t"cl

O c t .  8 5
Flow tR^p
( spm)  ( - c )

July 87
Flow Temp
( spm) t "cl

O c t .  8 7  O c t .  8 9
FIow T:*p FIow TR*p
( spm)  ( " c )  ( spm)  ( " c )

I
I
I
I
I
t
t
I
I
T
I
I
I
I
I
I
I
I
I

SP-58

SP-59

5 . H - o  u

D . H - O  I

J v - o z

5 . H - t f J

J r t - l

5 v  t - z

SP 1  -2a

5 - Y  t - J

5 . H  t - 4

S P 1 - 6

i t - H t - /

5 . H  t - t '

5 .H I  -v

s P  1 -  1 0

S P 1 - 1 0 a

s P 1 - 1 1

s P  1 -  1 2

s P 1 - 1 3

6

1 0

1

Seep

1 5

Seep

Seep

1 0

-

5 . 5

t r n

7 . 0

( a )

2 . 0

( 4 , 1

( a )

3 . 0

6

5

1

Dry

I

Dry

Dry

Dry

: , . U

o n

< <  1  2 . 9

2  4 . 0

5  4 . 0

< ' t  2 . 0

Q a a n  f  :  \
\ E /

S e e p  ( a )

S e e p  (  a )

S e e p  (  a )

< < 1  1 1 . 0

S e e p  ( a )

S e e p  ( a )

3  4 . 0

S e e p  ( a )

S e e p  (  a )

" ? n

n r \ te -  f

1 1 6
I  I . V

< 1  2 . 0

q 6 a n  /  a  \
v v v i t / \ s /

S e e p  ( a )

S e e p  ( a )

Seep  (  a )

Dry

S e e p  ( a )

s e e p  ( a )

Dry

C 6 6 h  t '  :  \
\ s /

S e e p  ( a )

D r y  ( a )

4  5 . 6

D r y  ( a )

Dry

Dry

Dry

Dry

Dry

S e e p  ( a )

Dry

. 1 2  2 . 9

. 2 5  2 . 8

Dry

n r  t Z

n r  \ t

Dry

. 2  5 . 6

q 6 a n  / r \
\ s /

Dry

/ h \

( b )

0 . 1  3 . 3

S e e p  ( a )



T a b l e  1 . (  cont inued )

F i e l d

Number

June 85

Flow Temp
( spm) t"cl

O c t .  8 5

Flow Temp
( gpm) t 

ocl

July 87
Flow Temp
( spm) t"cl

O c t .  8 7  O c t .  8 9
Flow TR*p Flow Tg*p
( s p m )  ( " c )  ( g p m )  ( " c )

t
I
I
t
t
I
I
I
I
l
I
T
t
t
I
I
I
I
I

s P  1 -  1 4

s P 1 - 1 5

s P  1 -  1 6

s P 1 - 1 7

s P  1 -  1 8

s P 1 - 1 9

s P  1  - 2 0

s P 1 - 2 1

sP1-22

> v  t - 2 5

J v  t - 2 4

sP 1  -25

sP 1  -26

s P 1 - 2 7

sP 1  -28

sP 1  -29

sP 1  -30

5 u  t - J  I

S P 1 - 3 1 a

sP 1  -32

sP 1  -33

S e e p  ( a )

< < 1  5 . 0

< < 1  ' 1 1 . 0

1 0  5 . 0

S e e p  ( a )

< < 1  6 . 0

< 1  4 . 0

< 1  4 . 0

q o a n  (  a  \

q a a n  f  :  \

< 1  5 . 0

3  3 . 6

2  3 . 7

< 1  2 . 8

S e e p  ( a )

< < 1  3 . 0

< 1  3 . 1

< 1  3 . 3

S e e p  ( a )

S e e p  ( a )

Seep

Dry

Dry

2

Seep

Dry

< 1

nr \z

Seep

Seep

Seep

3

2

Dry

Seep

f \ r  \7

Dry

n r \ t
e "  f

Seep

< 1

4 . 0

l , 4 , /

8 . 0

( a )

\ d , /

( a )

( a )

\ 4 , '
q a 6 n  f  r  )v v e F  \ $ /

0 . 1  2 . 2

Dry

Dry

Dry

Dry

( b )

f  h ' l

Dry

Dry

0 . 1  3 . 3

0 . 2 5  4 . 4

0 . 5  4 . 4

0 . 1  5 . 0

Dry

S e e p  ( a )

. 2 5  6 . 8

S e e p  ( a )

q a 6 n  / a \v v v F

1 0



T a b l e  1 . (  cont inued)

t  J -e ro

Number

June 85
Flow TE*p
( spm)  ( - c )

O c t .  8 5
FIow T:*p
( spm)  ( ' c )

Ju l y  87
Flow TR*p
( spm)  ( " c )

O c t .  8 7  O c L .  8 9
Flow Temp Flow Temp
( spm) t "cl ( gpm) t"cl

I
I
I
t
I
I
I
I
I
t
I
I
I
I
I
I
t
I
I

sP 1  -34

sP 1  -35

sP 1  -36

s P 1 - 3 7

S P 1 - 3 7 a

sP 1  -38

q D  1  - ? q

sP 1  -40

S P l - 4 0 a

5 - H  t - q  I

sP1-42

sP 1  -43

sP 1 -44

sP 1  -45

s- l j  t - {+O

sP1-47

sP 1  -48

s P 1  - 4 9

s P 1 - 5 0

s P l - 5 1

s P 1 - 5 2

s P 1 - 5 3

sP 1  -54

< < 1  4 . 0

1  1 1 . 0

< < 1  4 . 0

Q o a n  I  r  \
\ s /

< 1  4 . 2

< <  1  4 . 2

< 1  4 . 1

< < ' t  4 . 4

c 6 a n  /  r  \
v e v } /  \ s /

q a a n  / a \v v v f  \  s ,

1  3 . 3

< 1  3 . 3

3  1 2 . 0

1 5  8 . 0

4  7 . 0

3  8 . 0

3  7 . 0

2  7 . 0

5  l . U

1 0  7 . 0

2  7 . 0

< 1  ' t 0 . 0

1  7 . 0

5  7 . 0

< < 1  1 0 . 8

< < 1  1 4 . 5

< < 1  9 . 3

< <  1  5 . 6

. f  b . f ,

< < 1  7 . 4

< < 1  9 . 0

. 5  6 . 8

. l a J  J . 2

n r \ t- ' J

Dry

Dry

Dry

< < 1  6 . 1

< <  1  9 . 0

< <  1  6 . 8

. u o  4 c  I

Q 6 a h  t /  r  \
\ g /

S e e p  ( a )

. u o  t . Y

S e e p  ( a )

. 2 5  7 . 5

. 2 5  4  . 9

1 1



Tab1e  1 . (  cont inued )

F ie ld
Number

June 85
Flow Temp
(  spm)  (oc )

O c t .  8 5
Flow Temp

n -
/ - ^ m \  / - ^ \

\  v /

July 87
Flow Temp
( spm) t"cl

O c t .  8 7  O c t .  8 9

Flow t:*p Flow t:*p

( s p m )  ( - c )  ( g p m )  ( - c )

I
t
t
I
t
t
t
t
I
t
I
I
I
I
t
I
t
I
l

s P 2 - 1

q . D )  - 2

sP2-3

n v z - +

sP2-5

J-HZ -O

5 P Z -  I

sP2-9

s P 2 - 1 0

s P 2 - 1  1

s P 2 - 1 2

sP2-  1  3

sP2-  1  4

s P 2 - 1  5

s P 2 - 1 6

sP2-17

sP2-  1  8

s P 2 - 1  9

sP2-20

sP2-21

sP2-22

sP2-23

sP2-24

4  5 . 0

s e e p  ( a )

5  1 4 . 0

1 0  6 . 0

2  5 . 0

5  5 . 0

4  6 . 0

q a a h  l :  \

5  5 . 0

z  o . v

< <  1  6 . 0

S e e p  ( a )

1  6 . 0

1  8 . 0

2  8 . 0

q 6 a n  / a \
\ s /

< < 1  7 . 0

S e e p  ( a )

S e e p  ( a )

S e e p  ( a )

7  5 . 0

1  5 . 0

q t r n
J  J . W

5  3 . 5

7 2

U L . T

q a a n

Dry

Dry

Dry

I l r r zu -  I

f l r \ t

n r r r
v L  f

1

Dry

Dry

T'l r \t

Dry

v L f

P L  J

( c )

( c )

( c )

( c )

( c )

( c )

( c )

Seep

4 . 0

( c )

( c )

( c )

( c )

( c )

( a )

( a )

1 . 5  1 0

n r \ t
" "  J

< < 1  5 . 5

Dry

Dry

Dry

Dry

Dry

. 3  4 . 4

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

Dry

n r \ t

Dry

Dry

nr r t

Dry

Dry



T a b l e  1 . (  cont inued )

.E J_e ro

Number

June 85
Flow Temp
( spm) t"cl

O c t .  8 5
FIow tR*p
( s p m )  ( - c )

July  87
Flow Temp
( spm) t"cl

O c t .  8 7  O c t .  8 9
Flow Temp Flow Temp
(spm) t"c l  (spm) t"cJ

I
t
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I

( a )

( a )

J . U

4 . 0

4 . 0

4 . 0

6 . 0

4 . 0

4 . 0

4 . 0

5 . 0

o . u

\ 4 , /

t r n

4 . 0

6 . 0

6 . 0

\ 4 , '

4 . 0

A A

\ q , /

SP2-24a

sP2-25

sP2-26

> v z - z  I

sP2-28

sP2-29

sP2-30

> v z - J  I

t v z - 5 2

sP2 -3 3

SP2-33a

sP2-34

> E Z - 5 3

5 . H Z - 5 t f

J E Z - 5  I

sP2-38

sP2-39

sP2-40

> E Z - 4  |

sP2-42

sP2-43

sP2-44

Seep

Seep

A

2

2

1

2

a

2

4

2

5

Seep

6

5

A

3

J

Seep

n r \ t

1

< 1

T'\r r tu - f

<<,1

Seep

< 1

V L . I

I
I

Dry

<,1

Dry

Dry

Dry

Dry

n r  \ tv - f

Seep

4 . 0

( a )

A A

S e e p  ( a )

Dry

Dry

.  1 2  4 . 4

. 2 5  3 . 8

q a a n  / :  
' I

v v v r

. 5  1 . 1

Seep  (  a )

q a a h  / r \
\ \ 4 /

S e e p  ( a )

. 1 2  2 . 2

Dry

0 . 1  . 5 5

Dry

0 . 3  8 . 9

S e e p  ( a )

Dry

n r vU L J

S e e p  ( a )

. 2 5  J .  U O

S e e p  ( a )

q a 6 n  / r \v v v F

(a)  Insuf f ic ient  water  to sample
( b )  F r o z e n
(c)  Inaccessib le due to weather  and ground condi t ions

l _ J



Tab le  2 . Resul ts  of  pH measurements
October 1989 seep and spr ing
a r e a s .

for  the per iod of
survey in the coal

June 1985 through
lease  and  ad jacen t

t  r_erc t

Number

June 85
pH

( uni ts  )

O c t .  8 5
pH

( uni ts  )

Ju ly  87
pH

( uni ts  )

O c t .  8 7

PH
( uni ts  )

Oc t .  89
pH

( uni ts  )

I
I
I
I
t
I
I
l
I
t
I
I
I
I
I
I
I
I
I

sP-7

bv-u

sP-9

S P - 1 0

S P - 1  1

sP- '12

s P - 1 3

sP- '14

J.H -4I J

sP-44

5 _H - 4l.f

D . H - + o

SP-47

sP-48

sP-49

>.H-J  U

s-H- f  I

sP-52

SP-53

sP-54

SP-55

5 . H - f o

8  . 3 6

I  . Y 5

t d , ,

7 . 9 0

( a )

7  . 6 6

8 .  5 7

U . I U

( a )

( a )

\  d , t

( a )

( a )

( a )

\ d , ,

( a )

( a )

? o o

7 . 3 1

t . 3 a

7 . 3 6

7  . 6 ' l

\ 4 , /

1  1 A

8 . 0 0

? o c

. J . U /

7 . 9 0

\ q , ,

( a )

t . o v

8 .  3 0

8 . 4 7

( a )

( a )

1 A



T a b l e  2 . ( continued )

t  l _e rq

Number

June 85
pH

( uni ts  )

O c t .  8 5
pH

( uni ts  )

JuIy 87
pH

/  r r n  i  l . c  \

O c t .  8 7
pH

( unj-ts )

O c t .  8 9
pH

\  u r r f  L >  , /

I
I
I
I
t
I
T
l
I
t
I
I
I
t
I
I
I
I
I

sP-57

sP-58

SP-59

D . H - O U

sP-6 ' l

SP-62

D . H - O J

5 . H - O 4 r

J E  I - Z

SP 1  -2a

5 - H  t - J

Dr  |  -41

s P 1 - 5

5 r  t - o

J . H  t - l

J v  t - 6

s P 1 - 9

s P 1 - 1 0

S P 1 - 1 0 a

s P 1 - 1 1

s P  1 -  1 2

s P  1 -  1 3

, . s f ,

7  , 4 0

7  . 4 3

t c t , l

7 . 3 6

( a )

( a )

t . 3 J

/ . 5 b

1  1 n

/  . 6 0

8 .  1 6

1  1 1

7  . 8 1

7  . 8 0

7  . 6 1

( a )

( a )

( a )

( a )

7  . 5 4

\ o ,

t .  t 6

( a )

( a )

7  . 2 4

7 . 6 1

( a )

1 r  \

( a )

\ q , /

( a )

( a J

( a )

7 . 8 8

a t . o o

1 1 n

" o o

l ' a  l

t ' n l

8 . 0 9

( a )

1 5



Tabl-e 2. ( continued )

F i e l d

Number

June 85
pH

( uni ts  )

O c t .  8 5
pH

( uni ts  )

JuIy 87
pH

( uni ts  )

O c t .  8 7
h U
} , r r

(  uni ts  )

O c t .  8 9
pH

l r r n i  + c  \

I
l
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I

s P  1 -  1 4

sP 1- ' l  5

s P 1 - 1 6

s P  1 -  1 7

s P  1 -  1 8

s P  1 -  1 9

sP 1  -20

J E  t - Z  I

sP 1  -23

sP 1  -24

sP 1  -25

> l J  l - z o

sP1-27

SP 1  -28

sP  1  -29

s P 1 - 3 0

s P 1  - 3  1

S P 1 - 3 1 a

sP  1  -32

sP  1  -33

( a )

7  . 4 0

8 . 8 0

/ . u 5

( a )

8 . 0 5

8 . 0 1

I  . Y V

( a )

( a )

7 . 8 6

7  . 7 6

- ,  - rA

/ . 6 9

\ q , /

7  . 6 3

( a )

( a )

t . 6 2

( a )

6 . Z l

( a )

( a )

7  . 8 1

7  . 7 A

( a )

( a )

a . 2 7

( a )

8 .  1 6

8 . 2 2

7  . 8 0

? o ?

8 . 1 7

( a )

8 . 4 9

7 .  0 3

_ L O



Tab1e  2 . ( continued

t  l -e ro

Number

June 85
pH

( uni ts  )

O c t .  8 5
pH

(un i t s  )

JuIy 87
pH

( uni ts  )

O c t .  8 7
pH

( uni ts  )

Oc t .  89
pH

( uni ts  )

I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I

sP 1  -34

sP 1  -35

5 H  t - J O

5 . H  t - 5  /

S P 1 - 3 7 a

sP 1  -38

c D ' t  -  ? o

5 f  t - + u

S P 1 - 4 0 a

sP' l  -4 1

sP1-42

sP 1 -43

sP 1  -44

sP 1  -45

sP 1 -46

sP1-47

sP 1  -48

sP 1 -49

s P 1 - 5 0

sP 1-5 '1

sP 1 -52

sP 1  -53

sP 1  -54

7  . 6 3

B .  0 2

" ( o

I . Z Y

7  . 1 3

7 . 2 2

6 . 6 9

7 . 2 7

6  . 8 5

6 . 9 2

6 . 9 4

7  . 6 1

8 . 0 1

( a )

( a )

a . 7 9

( a )

- /  . 65

? o n

8 .  1 6

8 . 2 6

7 . 5 1

\ a )

t . z Y

8 .  1 7

7  . 1 7

\ q , /

( a )

t . + 5

7 . 4 9

7  . 8 0

8 .  1 4

I  . 3 0

7  . 6 5

I . b t

7  . 5 6

I  . 4 6

1  1 1

7  . 7 e

/  .  o J

8 . 1 5

7  . 4 6

1 1



T a b l e  2 . (  cont inued )

t . l _ e r o

Number

June 85
pH

( uni ts  )

O c t .  8 5

Y L L

t /  r rn i  l -  c \

July 87
pH

( uni ts  )

O c t .  a 7
pH

( uni ts  )

O c t .  8 9
pH

( uni ts  )

I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
t

s P 2 - 1

J v z -  z

SP2-3

> E Z - +

b v  z - ,

> v z - o

SP2-8

> v  z - Y

s P 2 - 1  0

s P 2 - 1  1

> v z -  t z

sP2-  1  3

s P 2 - 1 4

s P 2 - 1 5

s P 2 - 1 6

sP2-17

s P 2 - 1 8

sP2-  1  9

sP2-20

sP2-21

sP2-22

> v  z -  z 5

sP2-24

7  . 7 2

( a )

8 .  1 5

a .  1 7

7  . 5 6

8 .  1 9

( a )

7  . s 6

8 . 7 1

8 . 1 1

( a )

7 . 9 4

6 .  2 4

t J .  O U

\ q , l

8 . 5 3

( a )

( a )

8 . 5 8

I  . 2 1

8 . 8 4

7 . 9 3

1 B

( b )

( b )

/ h t

( b )

/ h ' l

( b )

( b )

( a )

8 . 2 5

8 . 2 8

8 .  3 7

8 . 1 7



Tab le  2 . ( contj-nued )

F i e l d

Number

June 85

.t/rr

(  uni ts  )

O c t .  8 5
pH

t ' r r n i  { - c  )

July 87
pH

( uni ts  )

O c t .  8 7
pH

( uni ts  )

O c t .  8 9
pH

( uni ts  )

I
I
I
t
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I

SP2-24a

sP2-25

> E  Z -  Z O

sP2-24

c D '  - r o

sP2 -3  0

s P 2 - 3 1  -

> E Z - J Z

SP2-33a

5 y  z - J 4

\ 9 / - < 5

5 . H Z  - J O

sP2-37

sP2-38

sP2-39

sP2-40

sP2-41 -

sP2-42

sP2-43

sP2-44

( a )  I n s u f f i c i e n t
( b )  I n a c c e s s i b l e
(  c )  F r o z e n

( a )

( a )

7  . 4 6

t .  l 6

1 tr, '7

8 .  0 1

/ . t 5

7  . 5 6

7  . 8 5

7 . 6 6

7 . 8 5

1 1 0 .

( a )

7 . 5 0

7  . 7 6

8 . 0 1

7  . s 6

7  . 6 4

water to sample
due to weather and qround

( a )

/ . b u

8 . 0 ' l

U .  U 5

8 .  2 8

7  . 8 0

I . 6 t

8 . 0 2

8 .  3 6

\  d , /

8 . 4 1

( a )

\ 4 , '

t q , /

a . 2 9

B  . 2 1

8 .  3 0

( a )

( a )

( a )

( a )

( a )

( a )

t / a l

cond i t ions

1 9



' t a D r e  J . Resul ts  of  speci f ic  conductance
of  June 1985 through october 1989
lease  and  ad jacen t  a reas .

(umhos,/cm @ 25o
seep and spr ing

C) for  the per iod
survey in the coal

.E J-ero

Number

June 85
Speci f ic

O c t .  8 5
Speci f ic
Cond. .

Ju I y  87
Spec i f i c
Cond .

O c t .  A 7  O c t .  8 9
Speci f ic  Speci f ic
Cond .  Cond .

I
I
I
I
I
I
I
I
I
T
I
I
t
I
I
I
T
I
t

5P-  /

Dr- 'J

SP-9

S P - 1 0

S P - 1  1

s P - 1 2

s P - 1 3

5 . H -  I Z I

SP-43

sP-44

5 v - 4 5

5.Y -.t O

sP-47

sP-48

sP-49

5 l : - f  U

SP-5 ' I

sP-5 2

sP-53

5lJ-f  . t

5 l : - : ) f ,

4 . 4 U

2A0

\ o , /

2 2 0

250

1 0 0

1 5 0

\ ' d , ,

( a )

( a )

( a )

1 a  \

\ 4 , '

( a )

\ d , /

l . d , ,

6 0 0

490

5 0 0

4 8 0

490

3 4 0

540

470

5 0 0

5 3 0

470

\ ' q . ,

< x t l

5 Y Z

? q ,

t d , /

t o , ,

2 0



' l ' aD Ie  J . ( continued )

F i e l d

Number

June 85
Spec i f i c
Cond .

O c t .  8 5
Spec i f i c
Cond .

JuIy 87
Spec i f i c
Cond .

O c t .  8 7  O c t .  8 9
Spec i f i c  Spec i f i c
Cond. .  Cond.

I
t
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

480

5 0 0

A q n

\ d , ,

4 5 0

l . 4 , r

( a )

440

470

5 0 0

520

4 5 0

J O U

280

2 8 0

1 9 0

( a )

420

[ 4 , I

3 6 0

( a )

440

320

250

/ a \

( a )

( a )

\ q , /

\ 4 , /

( a )

470

\ q , /

292

2 8 0

( b )

( b )

340

( a )

b . y - J  /

SP-58

c D - q , o

5 ] ] - b U

5-H-O I

J .Y- t ]J

) .H -O.+

S P 1 - 1

> E  t - z

S P  1  - 2 a

5 - H  l - J

5-H | -z+

5 . H  t - :

J . Y  t - o

J . Y  t - l

SP,1 -B

s P 1 - 9

s P  1 -  1 0

S P 1 - 1 0 a

s P 1 - 1 1

s P  1 -  1 2

s P  1 -  1 3



' I 'ADIE J  . (  cont inued)

F ie ld
Number

June 85
Speci f ic
Cond .

O c t .  8 5
Speci f  j -c

Cond,.

July  87
Q n a n i F i c

Cond .

O c t .  8 7  O c t .  8 9
Speci f ic  Speci f ic
Cond .  Cond .

I
I
T
T
t
I
t
I
I
T
I
I
I
I
I
I
I
T
I

s P  1 - ' l 4

s P 1 - 1 5

s P  1 -  1 6

s P 1 - 1 7

s P 1 - 1 8

s P  1 -  1 9

sP 1  -20

s P 1 - 2 1

J E  t -  Z Z

> E  t -  z J

J y  t - 2 . 1

sP 1  -25

sP 1  -26

> v  t - z t

sP 1  -28

sP 1  -29

s P 1 - 3 0

s P 1 - 3 1

S P 1 - 3 1 a

sP 1  -32

sP 1  -33

\ 4 , '

2 a n

240

J: '  U

\ q ,

4 0 0

J b U

J  t v

( a )

( a J

3 1 0

490

4 3 0

/ 4  R n

4'70

440

4 3 0

( a )

4 1 0

( a )

5 f , U

( a )

( a )

3 3 0

3 4 0

\  d , ,

t 4 , ,

390

( a )

326

t h \

( b )

389

z Y +

z 6 z

242

( a )

992

( a )

4 1 0( a )

2 2



Tab le  3 . ( continued )

F i e l d

Number

June 85
Spec i f i c
Cond .

O c t .  8 5
Speci f ic
Cond .

July  87
Spec i f i c
C o n d .

O c t .  8 7  O c t .  8 9
Spec i f i c  Spec i f i c
Cond .  Cond .

I
t
I
I
I
t
t
I
I
I
I
I
I
t
I
I
I
I
I

4 8 0

470

490

t q , /

5 0 0

4 8 0

4 b u

5 3 0

( a )

\ 4 , /

490

470

/ o n

460

4 8 0

5 0 0

4 5 0

490

A 1 a

.4.1 u

o v u

490

4 5 0

420

460

480

5 5 0

3 7 5

3 9 0

J O U

3 6 0

3 1 0

2 q ,n

3 1 5

3 4 0

3 0 5

3 8 0

t 4 , t

( a )

3 5 0

( a )

3 1 0

642

sP '1-34

s P  1  - 3 5

sP 1  -36

b . H  t - J  /

S P  1  - 3 7 a

sP  1  -38

5 . L ,  I - J : '

J t s  I - + U

d h  a  A  A  ^
J r  t - q u d

s P 1 - 4 1

J E  |  - q Z

sP  1  -43

sP 1 -44

sP 1 -45

sP  1  -46

sP1-47

sP  1  -48

sP 1 -49

s P 1 - 5 0

sP',l -5 1

sP  1  -52

s P 1 - 5 3

sP  1  -54

2 3



Tab le  3 . ( continued )

F i e l d

Number

June 85
Spec i f i c
Cond .

O c t .  8 5
Spec i f i c
Cond .

July  87
Spec i f i c

O c t .  8 7  O c t .  8 9
Spec i f i c  Spec i f i c
Cond .  Cond .

I
I
I
I
I
I
I
t
I
I
I
I
t
I
I
I
I
T
I

s P 2 - 1

sP2-2

sP2-3

J  E  Z - . *

sP2-5

> v  z - o

J E Z -  I

> v z - 6

s P 2 - 1 0

s P 2 - 1  1

sP2-12

sP2 - ' l  3

sP2-14

5 H Z -  t  f

s P 2 - 1 6

s P 2 - 1  7

s P 2 - 1  I

s P 2 - 1 9

sP2 -20

sPz-21

sP2-22

> Y  Z -  Z 5

sP2-24

A 1 n

t a , ,

4 0 0

4 1 0

4 1 0

4 1 0

\  4 , '

3 0 0

2 7 0

( a )

230

200

2 1 0

( a )

z  t u

( a )

/ e )

( a )

3 2 0

3 5 0

2 9 0

3 1 0

( c )

( c ,

( c )

\ d i

4 7 4

4 5 8

234

J O U

( a )

2 4



T a b l e  3 . (  cont inued )

_h l -ero

Number

June 85
Spec i f i c
Cond .

O c t .  8 5
Speci f ic
Cond .

July  87
Spec i f i c
Cond .

O c t .  8 7  O c t .  8 9
Speci f ic  Speci f ic
Cond .  Cond .

T
I
I
I
T
I
I
I
I
t
I
t
I
I
I
I
I
I
I

t 4 , ,

\ 4 , /

440

4 0 0

4 1 0

370

3 9 0

A 1 n

4 1 0

4 5 0

<  / l l

{ v t l

4 1 0

3 7 0

440

440

( a )

3 8 0

J IJ  U

? R N

( a )

4 3 0

340

\ a , l

4 1 0

3 2 6

t e , ,

4 1 3

( a )

( a )

\ q , /

421

3 5 0

3 7 7

\ q , /

A t  a

( a )

( a )

SP2-24a

sP2-25

sP2-26

sPz-27

sP2-2A

sP2-29

sP2-30

sP2 -3 1

sP2 -3 3

SP2 -33a

sP2-34

s P 2 - 3 5

> r z - J o

J v z - J  I

sP2-38

sP2-39

sP2 -4 0

sP2-41

J E Z - + Z

sP2-43

sP2-44

( a )

(a)  Insuf f ic ient  water  to sample
(b )  F rozen
(c)  Inaccessib le due to weather  and ground condi t ions

2 5



Tabte 4.  Geology and use of  spr ings in  the coal  lease and adjacent  areas.

F i e l d

Number

Geology Use

T
I
I
I
I
I
I
I
I
t
t
I
T
I
I
I
I
I
I

sP-7

5.H-.'

sP-9

5 . H -  I  U

s P - 1  1

J l . -  I Z

s P - 1 3

s P - 1 4

sP-43

J E - + 4

5-H-.+ f,

J l i -+o

sP-47

sP-48

From snow patch at top of
Cast legate SS.

From snow patch at top of
Cas t l eqa te  SS .

From sandstone, /shale in ter face
Cast legate Ss/Blackhawk Fm.

From snow patch at base of
Cas t l ega te  SS .

From colluvium over sandstone
o f  Cas t fega te  SS .

From base of  sandstone (Pr ice

River EIn. ) in channel bottom.

From sandstone at  head of  s l ide
in Price River FIn.

From fractured sandstone and
soi l  in  Pr ice River  FIn.

From colluvium over sandstone
in Blackhawk EIn.

From colluvium over sandstone
in Blackhawk Fm.

From colluvium over sandstone
in Blackhawk Fm.

From sand.stone bedding plane

in  Cas t l ega te  SS .

From sand.stone bedding plane

in  Cas t l ega te  SS .

From colluvium over sandstone
in Blackhawk FIn.

Wi ld l  i fe

WiId l  i fe

None

Wi ld l i fe

None

Wi ld l  i fe

Witd l  i fe

Wi ld l  i fe

None

None

None

None

None

None

2 6



Tab le  4 .  (Con t i nued ) .

F i e l d

Number

Geo logy Use

t
I
I
I
I
I
I
I
I
t
I
I
I
I
T
I
I
I
I

sP-49

sP-50

sP-5 1

sP-52

sP-53

sP-54

sP-55

sP-56

sP-57

sP-58

sP-59

sP-60

sP-6 1

sP-62

SP-63

From sandstone bedding plane
in road cut in Blackhawk Fln.

From sandstone,/shale j-nterface

in slump in Blackhawk Ern.

From sandstone/shale in ter face
in slump in Blackhawk FIn.

From colluvium over sandstone
in Blackhawk Flr., w/travertine.

From fractured sandstone with
travertine in Blackhawk Frn.

From fractured sandstone with
travertine in Blackhawk Ett.

From fractured sandstone with
travertine in Blackhawk Fm.

From fractured sandstone with
travertine in Blackhawk Fm.

From fractured sand.stone with
travertine in Blackhawk Ftn.

From fractured sandstone in
Blackhawk Flr.

From colluvium over sandstone
in Blackhawk Ftt.

From sandstone bedding plane

in Cast legate SS.

From fractured sandstone in
Price River En.

From sandstone,/shale interface
in Price River Fm.

From sandstone,/shale interface
in Pri-ce River Fln.

None

None

None

WiId l i fe

Wi ld l i fe

WiId l  i fe

Wi ld l i fe

Wi ld l i fe

Wi ld l i fe

Wi ld1i fe

WiIdI i fe

None

Wi ld l i fe

None

None

2 7



Tab le  4 .  (Con t i nued ) .

F i e l d

Number

Geology Use

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

sP-64

s P 1 - 1

s P 1 - 2

SP 1 -2a

s P 1 - 3

s P 1 - 4

s P 1 - 5

s P 1 - 6

sP' l  -7

sP1-8

s P 1 - 9

s P  1 -  1 0

S P 1 - 1 0 a

s P 1 - 1 1

s P  1 -  1 2

s P  1 -  1 3

From fractured sandstone in
Price River F!t.

Alluvium on valley floor

Al1uvi-um on valley floor

Alluvium on valley floor

From fractured sandstone
in Price River Fm.

From fractured sandstone
in Price River Fln.

From fractured sandstone
in Price River Fln.

Frorn fractured sandstone
in Price River Fh.

From fractured sandstone
in Price River Fm.

Fron fractured l imestone
in North Horn EIt.

From fractured l imestone
in North Horn Frn.

Contact between North Horn
and Price River Ffns.

Contact between North Horn
and Price River Ffns.

From fractured l imestone
in North Horn l ln.

From fractured l imestone
i-n North Horn FIn.

From f ractured l imestone
in North Horn F:n.

w r ro r  r re

Wi ldI i fe

Developed

Wi ld t i f e

Developed

Wi ldI  i fe

Wi ld l i fe

wl-ror t_re

Wi ld l i fe

Witd l i fe

Wi ld l i fe

Wi ld l i fe

Wi ld l i fe

Developed

Wi ld l i fe

Wi ldI  i fe

z d



Tab le  4 .  (Con t i nued ) .

F ie Id
Number

Geology Use

I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
t

s P  1 -  1 4

s P  1 -  1 5

s P  1 -  1 6

s P 1 - 1 7

s P 1 - 1 8

s P  1 -  1 9

sP 1  -20

s P 1 - 2 1

sPl-22

sP 1 -23

sP1-24

sP 1  -25

sP 1 -26

sP1-27

sP 1 -28

From fractured l imestone
in North Horn Ffn.

From fractured Iimestone
in North Horn Fln.

From f ractured l imestone
in North Horn Frn.

From fractured l imestone
in North Horn Fm.

From fractured l imestone
in North Horn Fm.

From fractured l imestone
in North Horn Fm.

From fractured l imestone
in North Horn FIn.

Fron fractured. l irnestone
in North Horn Fm.

From fractured l imestone
in North Horn EIn.

From fractured l imestone
in North Horn Ftt.

From fractured l imestone
in North Horn Fln.

From fractured l irnestone
in North Horn Fm.

From fractured. l irnestone
in North Horn Fm.

From fractured l irnestone
in North Horn FIn.

From fractured l imestone
in North Horn Frn.

Wi ld l i fe

Wi ld l i fe

Wi ld l  i fe

Wi ld l i f e

Wi ld l i fe

Wi ld l i f e
L ivestock

Wi ld l i fe
L ivestock

Wi ld l i fe
Livestock

Wi ld l i fe

Wildl ife

Wi ld l i fe
L ivestock

Wi ld l i f e

Wi ld l i fe

Wi ld l i fe

w i l d l i f e

2 9
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F i e l d

Number

Geology Use

I
I
I
I
I
I
l
I
I
I
I
t
I
I
I
I
I
t
t

sP 1  -29

sP 1  -30

s P 1 - 3 1

S P 1 - 3 1 a

sP 1  -32

sP 1  -33

sP 1 -34

sP 1 -35

sP 1 -36

s P 1 - 3 7

SP1 -37a

sP' l  -38

sP 1 -39

sP 1 -40

SP' l  -40 a

From fractured l imestone
in North Horn Frn.

From fractured l imestone
in North Horn ftn.

From f ractured L imestone
in North Horn Ftn.

From fractured l imestone
in North Horn FIn.

From fractured sandstone
in Price River Fm.

From alluvium in vaIley
f loor  deposi ts .

From alluvium in va11ey
f loor  d.eposi ts .

From alluvium in valley
f loor  deposi ts .

From alluvium in valley
f loor  deposi ts .

From alluvium i-n valley
f loor  deposj - ts .

From alluvium in valley
f loor  deposi ts .

From alluvium in valley
f loor  deposi ts .

From alluvium in valley
f loor  deposi ts .

From alluvium in valley
f loor  deposi - ts .

From alluvium in valley
f loor  deposi ts .

Wi ld l  i fe

Wi ld l i fe

Wi ldI  i fe

Wi ld l i fe

Wi ld l i fe

Wi ldt i fe

Wi ld]  i fe

Wildl ife

Wildl ife

Wi ld l i fe

Wi ld l i fe

Witd l  i fe

Wi ld l i fe

Wi ld1 i fe

Wi ld l  i fe

3 0
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F ie ld
Number

Geology Use

I
I
I
I
I
t
I
T
I
I
I
I
t
I
I
I
I
T
I

sP 1-4' . |

sP1-42

sP 1  -43

sP 1 -44

sP 1  -45

sP 1 -46

sPl-47

sP 1 -48

sP 1 -49

sP 1 -50

s P 1 - 5 1

sP 1 -52

sP 1 -53

sP 1 -54

sP2-1

From al luv iun in  val ley
f l oo r  depos i t s .

From alluvium in valley
f l oo r  depos i t s .

From alluvium in valley
f l oo r  depos i t s .

From alluvium in valley
f loor  deposi ts .

From alluvium in valley
f loor  deposi ts .

From alluvium in va11ey
f loor  deposi ts .

From alluvium in valley
f loor  deposi ts .

From fractured. sandstone
in Price River Ftt.

From fractured sandstone
in Price Ri-ver Ett.

From fractured sandstone
in Price River l1n.

From fractured sandstone
in Pr ice River  Fh.

From fractured sandstone
in Price River Fm.

From alluvium in valley
f loor  deposi ts .

From fractured sandstone
in Price River FIn.

From fractured l imestone
in North Horn FIn.

Wi ld l i fe

Wi ld l i f e

Wildl- if e

Wi ld l i fe

Wi ld l i fe

Wi ld l  i fe

Wi ld l i fe

Wi1d1 ife

Wi ld l i fe

Wi ld l i fe

Wi ld l i fe

Wi ld l i fe

Wi ld l i fe

Wi ldt i fe

Wi ldI  i fe

3 1
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F i e l d

Number

Geo logy Use

I
I
I
I
I
I
I
I
I
I
I
I
t
I
t
I
I
t
I

sPz-2

sP2-3

sP2-4

sP2-5

sP2-5

sP2-7

sP2-8

sP2-9

sP2-1  0

sP2-1  1

sP2-12

sP2-  1  3

sP2-14

sP2-  1  5

sP2-16

Bottom of channel over
limestone (North Horn Fh. )

Colluvium over l imestone
f r o m  2 0 0 '  x  1 5 0 t  a r e a .

From fractured. l imestone
in North Horn Eln.

From fractured. I imestone
in North Horn Fm. w/travertine.

From fractured l imestone
in North Horn Fm.

From fractured l imestone
in North Horn FIn.

Bottom of channel over
Iirnestone (North Horn FIn. ) .

From fractured l irnestone
in North Horn F!t.

From fractured l i:nestone
in North Horn Fm.

Head of sh:mp in ss,/sh
in Price River Fm.

Colluvium/sandstone
in Price River FIn.

From fractured sandstone
in Price River I 'm.

From fractured l imestone
in Price River ltn.

From fractured sandstone
in Pri-ce River Ern.

From sandstone,/shale
interface in Price River ! 'm.

None

Wi ldI i fe

Wi ldI  i fe

Wi ld1 i fe

Wi ldI i fe

Wi ld l i fe

None

Developed

Wi ld l i fe

None

None

WiIdI i fe

Wi ld l i fe

wi ld l i fe

None

3 2
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F ie ld
Nurnber
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t
t
I
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I
I
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t

sPz-17

s P 2 - 1 8

s P 2 - 1 9

sP2-2Q

sP2-21

sP2-22

sP2-23

sP2-24

SP2-24a

sP2-25

sP2-26

sP2-27

sP2-28

sP2-29

sP2-30

From fractured l irnestone
in Price River Fln.

From fractured sandstone
in Pr ice River  f ln .  (Di f fuse)

CoI luviun /AIluvium adj acent
to channel .

Colluvium,/alluvium adj ac ent
to channel .

From fractured l imestone
in Price River EIn.

From fractured l-imestone
at head of slump in the Price
River Ftt.

From fractured l imestone
Prlce River Fm.

From fractured. sandstone
in Price River F!t.

From fractured sandstone
in Price River Frn.

From colluvium over l imestone
in North Horn Fm.

Sandstone over shale at head
of small slunp in North Horn
FIn.

Colluvium in channel bottom
in Price River ltn.

Sandstone, /shaIe in ter face
in Price River lh.

From fractured sandstone
in Price River FIn.

Fractured sandstone,/shale
interface in Price River EIn.

Wi ld l i fe

None

None

None

Wi ld l i fe

None

Wi ld l i fe

Wi ldI i fe

Wi ld l i fe

None

None

Developed.

WiIdI i fe

wildli-f e

Wildl ife

5 J



Tab le  4 .  (Con t i nued ) .

F i e l d

Number

Geology Use

I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I

sP2-3  1

sP2-32

sP2-33

S P 2 - 3 3 a

sP2-34

sP2-35

sP2-36

sP2-37

sP2-38

sP2-39

sP2-40

sP2-41

sP2-42

sP2-43

sP2-44

Fractured sandstone,/shale
interface in Price Ri-ver Fn.

Fractured sandstone,/sha1e
interface in Price River Ern.

Fractured sandstone,/sha1e
interface in Price River F'rn.

Fractured. sandstone in the
Pr ice River  Ern.

Fractured sandstone,/shale
inter face in  Pr ice River  Fm.

Fractured sandstone,/shaIe
inter face in  Pr ice River  Fm.

Fractured l imestone swale
in North Horn Ftn.

From fractured 1i:nestone
in North Horn FIn.

From fractured l irnestone
in North Horn ltrt.

From fractured Ii:nestone
in North Horn I!t.

From fractured l imestone
in North Horn Fln.

From fractured l i$estone
in North Horn Etn.

Fractured sandstone in the
Price River FIt.

Fractured sandstone in the
Pr ice River  Fm.

Fractured sandstone in the
Price River Fln.

Wi ld1i fe

Wi ld l i fe

Wi ld l i fe

Wi ld l i f e

Wi ldI i fe

Wi l -d1i f  e

Wi ld l  i fe

Wi ld l i fe

Wi ld l i fe

Vli ldIif e

Wil-dIif e
L ivestock

Wi ld l i fe

Wi ld l i fe

Wildl ife

Wi ldI i fe

3 4
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Seep and Spring Inventory
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As indicated by the data presented in Table 4, approxinately
one third of the inventoried seeps and springs issue from the North
Horn Format ion.  An addi t ional  one- four th of  the sources issue each
from the Price River Formation and from co11uvial/a1luviaI
deposi ts .  The remain ing seeps and spr ings were found issu ing in
approximately equal numbers frorn the Castlegate Sandstone and the
Blackhawk Formati-on.

Approximately 60 percent of a1l the seeps and springs found
dur ing the ear ly-season inventor ies had f lows of  one gal Ion per
minute or less. These f lows typical ly decreased. by the t irne of
the late-season inventories, with most of the low-flow sources
issuing only  as seeps or  be ing dry.

Notabl-e exceptions to the decreasing-f1ow generali ty occurred
at those springs issuing from aIl-uvium in the bottom of f, i t t te Joes
Val ley near  fnd ian Creek.  F lows in  these spr ings aI I  increased
substantial ly between the July 1-987 and October i-987 surveys. In
addi t ion,  much of  the va l ley f loor  east  o f  the creek became
not iceably  wet ter  dur ing the in tervening per iod.

A revj-ew of locaI geologic condit ions suggests that two
sources of  recharge af fect  the f low of  spr ings near  Ind ian Creek
but do not inf luence other springs in the study area. First,
groundwater in the shallow al luvium and colluvium on the west-
facing side of East Mountain f lows downhil l  toward the vaIley and
discharges into the valley al luviurn. The arrival of this water
later in the season is due to the lag t ime as snowmelt-derived
groundwater f lows through the soil  toward the valIey.

Second1y, springs adjacent to fndian Creek appear to be
associated wi th  the Joes Val ley Faul t .  Discharge f rom th is  fau l t
is l ike1y also affected by the delayed recharge from the mountain.

Less than L0 percent of the seeps and springs found within
the study area issue from the regional coal-bearing formation (the
Blackhawk Format ion) .  o f  the sources found issu ing f rom the
Blackhawk Format ion,  one- th i rd  issued as seeps in  June L98s (but
were dry in October l-985) while the remaining two-thirds issued at
rates in  excess of  f ive gal lons per  minute.

Seeps and low-flow springs issuing from the Blackhawk
Formation typical ly occur at the interface between overlying
sandstone lenses and less-permeable under ly ing shale layers.  The
Iow seepage rates are the result of the 1ow hydraulic conductivity
of the Blackhawk Formation in i ts unfractured state. Laboratory
permeabi l i ty  data prov ided by L ines (1985)  f ron a core co l lected
approx imate ly  L0 mi les south of  the coal  lease area ind icate that
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sandstone units of the Blackhawk Formation have an average
hor izonta l  hydraul ic  conduct iv i ty  o f  on ly  1.3x10-2 foot  pe^r  day and
an average ver t ica l  hydraul j -c  conduct iv i ty  o f  on ly  3.8x10-r  foot  per
day.  Sha1es and s i l ts tones wi th in  the Blackhawk Format ion were
found to have maximum horizontal and vert ical hydraulic
conduc t i v i t i es  o f  1 .0x10 -7  and  L .2x1o -8  foo t  pe r  day ,  r " rp " i t i ve l y .
These va lues,  which are typ ica l  o f  unf ractured sandstone and shale
(Freeze and Cherry ,  I979)  ,  ind icate that  the uni ts  are not
conducive to  rap id water  movement .

The re lat ive ly  low hydraul ic  conduct iv i ty  o f  the shale uni ts
within the Blackhawk Formation compared with the sandstone units
l imits the downward rnovement of groundwater througrh the unfractured
por t ions of  the format ion.  Thus,  ds water  recharges the Blackhawk
Format ion (e i ther  through snowmel t  or  ra in fa l l  d i rect ly  onto the
formation or through subsurface seepage from an overlying
format ion)  i t  is  forced to  f low hor izonta l ly  to  the sur face upon
encounter ing a s i l ts tone or  shale layer .  This  creates 1ocal1y
perched groundwater  condi t ions,  wi th  the recharge area for  seeps
and sma] I  spr ings wi th  the Blackhawk being rest r ic ted in  s ize.

Notable except ions to  the above genera l i ty  concern inq the
Blackhawk Formation occur at the remainder of the study-area
Blackhawk spr ings (SP-53 through SP-58 located in  Crandal l  Canyon) .
These springs di-scharged from fractured sandstone at rates of 5 to
15 gal lons per  minute dur ing both the ear ly-  and la te-season
inventor ies.  Traver t ine deposi ts  are common at  these spr i -ngs,
suggesting that the recharge area for these springs is dominated
by-l irnestone (probably the North Horn Formation and ine price River
Format ion on East  Mounta in) .  The f ractured Blackhawk Format ion,
therefore, probably serves more as a conveyance medium rather than
a s ign i f i -cant  source of  water  to  the spr ings.

3 .3  Usage  o f  Sp r ings

Usage of  spr ings issu ing f rom the Nor th Horn Format ion tends
to  be  h iqh ,  w i th  bo th  w i l d l i f e  and  domes t i c  s tock  u t i l i z i ng  the
water .  S ince the upper  e levat ions of  East  Mounta in are heavi ly
uti l- ized by sheep in the summer months, many of the springs have
been developed with troughs to provide a more stable water suppry.

Springs issuing from the Price River Formation showed signs
of  s ign i f icant  use by wi ld l i fe  but  lesser  usage by domest ic  s tock.
Slopes in  the outcrop areas of  th is  for rnat ion are s teeper  than in
areas overlai-n by the North Horn Formation, thus accounting for the
lower usage by domest ic  s tock.
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Usage of  water  issu ing f rom the Cast legate Sandstone and the
Blackhawk Formation is l irnited except in the bottom of Crandall ,
Canyon (due pr imar i ly  to  inaccessib i l i ty  and 1ow f low rates) .
Those springs issuing from the fractured Blackhawk Formation in
the bot tom of  Crandal l  Canyon (SP-53 through SP-58)  showed s igns
of  wi ld l i fe  use.  No s igns of  domest ic  s tock usage were noted at
springs issuing from the Castlegate Sandstone or the Blackhawk
Format ion.

3 .4 FieId Water-Qual . i ty  Resul ts

Resul ts  of  the f ie ld  water-qual i ty  measurements are summar ized
in F igure 4.  Speci f ic  conductance was typ ica l ly  lowest  and pH
highest  in  spr ings issu ing f rom the Nor th Horn and Pr ice River
Format ions.  These phenomena occur  due to  the genera l ly  h igher
topographic  pos i t ion and h igher  l ime content  o f  the format ions,
respec t i ve l y .

Average temperatures in  the spr ings var ied only  about  2o C
throughout  the area,  wi th  averages being s l ight ly  less in  spr ings
issuing f rom the Nor th Horn and Pr ice River  Format ions.  This  rnay
resul t  f rom the probable shal low nature of  spr ings issu ing f rom
the Blackhawk Format ion and the a l - Iuv ia1/co l luv ia1 rnater ia ls  ( thus
increasing water  temperatures)  .

3 .5 Laboratory Water-Qual i ty  Resul ts

Water-qual i ty  samples were co l lected for  laboratory analyses
frorn selected springs wj-thin the survey boundary area. The springs
selected for  analyses are those spr ings which are ident i f ied on the
publ ished USGS topographic  maps.  These spr ings were ident i f ied in
the  f i e ld  (F igu re  3 )  by  Ea r thFax  as :

o  SP58
o SPI- -3
o  SP1-25
o  SP2-9
o  SP2-33a

The laboratory analyses prov ide data concern ing the rnajor
cat ions and anions,  meta ls  and nutr ient  content  o f  the water
issu ing f rom the spr ings.  The resul - ts  of  the laboratory analyses
are presented in  Appendix  A.

The data indicate that the water issuing from the springs is
markedly  d i f ferent  between spr ings.  However ,  the overa l l
groundwater  qual i ty  is  considered good for  a l l  the spr ings sanpled.
The water  issu ing f rom the f ractured Blackhawk Format ion possess
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Seep and Spr ing fnventory
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for  pH,  to taL d issolved so l ids and
Whereas,  the Pr ice River  Format ion has
to ta l  d i sso l ved  so l i ds  and  e lec t r i ca l

s l ight ly  h igher  va lues
elect r ica l  conduct iv i ty .
the lowest  va lues for  pH,
conduct iv i ty .

3 .6 Potent ia l  Impacts of  l t in ing

The primary potential for irnpacts to the groundwater system
from rn in ing wi I I  occur  f rom mine dewater ing ( resul t ing in  removal
of  water  f rom the aqui fers)  and subsidence ( resul t ing in  phys ica l
a l - terat ion of  the agui fers) .  At though these impacts cannot  be
quant i f ied unt i l  a  mine p lan is  developed,  a genera l  d iscuss ion of
the potent ia l  for  impacts can be prov ided.

Due to the topographic  locat ion of  the coal  lease areas,  i t
is  assumed that  a l l  the mine work ings wi th in  the lease areas wi l l
be in  the saturated por t ion of  the Blackhawk Format ion.  Thus,
groundwater  in f low to the mine work ings can be expected.  Based on
n rode l i ng  resu l - t s  p resen ted  by  L ines  (1985)  fo r  t he  T ra i l  Moun ta in
a rea  (app rox ima te l y  10  m i les  sou th  o f  t he  NEIco  coa l  l ease  a reas ) ,
potent ia l  in f l -ow rates to  the work ings are presented in  F igure 5.
Assuming that the hydraulic gradient in the Blackhawk-Star point
aqui fer  beneath East  Mounta in is  s imi lar  to  that  beneath Tra i l
Moun ta in  as  repo r ted  by  L ines  (1985) ,  a  hyd rau l i c  g rad . i en t  ( r )  o f
0 .065  can  be  used  f o r  F i gu re  5 .

Accord ing to  F igure 5,  i f  the mine width is  LoOO feet  and the
mine length is  5000 feet ,  a  s teady-state in f low of  approx imate ly
O. I7 cubic  feet  per  second (76 gal lons per  rn inute)  can be expected.
A l te rna t i ve l y ,  i f  t he  m ine  i s  5ooo  fee t  w ide  and  Lo ,ooo  fee t  1ong ,
an  i n f l ow  o f  abou t  0 .38  cub ic  fee t  pe r  second  (170  ga l l ons  pe r
minute)  can be expected.  Dewater ing may af fect  the f low of  spr ings
SP-52 through SP-58 but  should not  d i rect ly  a f fect  o ther  spr ings
in the s tudy area s ince the remain ing spr ings appear  to  be perched,
wi th  no d i rect  hydraul ic  connect ion to  the potent ia l  mine work ings.
Ef fects  can be l .o{ - l -or  d , ,^n i - i f ied af ter  the mine work ings have been
des igned .

Subsidence is the fracturing or downwarping of overburden that
occurs when coal  is  removed.  Fractures that  resul t  f rom subsidence
can extend several hundred feet upward through overlying perching
beds. .  I f  th is  was to  occur ,  water  in  the perched aqui fer  would be
diver ted downward,  thus decreasing d ischarges at  spr ings fed by the
perched aqui fer .  Some of  th is  d iver ted water  could a lso f low
suf f ic ient ry  downward to  in tercept  the mine work ings,  thus
increasing d ischarges f rom the rn ine.
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L ines  (1985)  po in t s  ou t  t ha t ,  due  to  s im i l a r i t i es  i n  wa te r
quali ty between the various formations, adverse irnpacts to water
qual i ty  would probably  not  resul t  f rorn subsidence ef fects .  The
qual i ty  o f  water  in  the Blackhawk-Star  Point  aqui fer  could increase
sJ-ightly i f  the enhanced permeabil i ty of the formation created by
subsidence fractured increased groundwater f l-ow rates through the
aqui fer  and decreased the t ime of  contact  between rock and water .
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